The development of molecular markers unambiguously distinguishing groups at different taxonomic levels has numerous forensic applications. The identification of tropical timber is of particular interest in this context. We describe the development of SCAR (Sequence Characterized Amplified Region) markers for forensic applications taking the example of two closely related species of the tropical tree family Shorea (Dipterocarpaceae). Two AFLP (Amplified Fragment Length Polymorphism) fragments have been described earlier showing strong differentiation between S. leprosula and S. parvifolia. The AFLP markers were isolated from a gel, re-amplified, cloned and sequenced. Primer sets were designed from these sequences and AFLP fragments were converted into SCAR markers. The SCAR markers and PCR-RFLP markers of the chloroplast region trnLF digested with Hinf I were used to screen in total 557 samples of S. parvifolia and S. leprosula from nineteen widely separated populations in Indonesia. Complete genetic differentiation between species was observed based on the putatively nuclear SCAR marker and the PCR-RFLP of the cpDNA region. We found a good agreement between leaf morphological variation and species identification based on both marker types and no indication for interspecific hybridization.
Introduction
The use of DNA-based molecular markers for forensic applications depends on the isolation of DNA from different types of tissue (RACHMAYANTI et al., 2006) and the investigation of markers differentiating genotypes at various levels from individuals to species or even genera (FINKELDEY et al., 2010) . AFLP (Amplified Fragment Length Polymorphism) is a fingerprinting technique that permits the analysis of a subset of restriction fragments from a complete digest of genomic DNA (VOS et al., 1995) . Complex fingerprints such as AFLP fragment patterns often allow to assign genotypes to groups such as spatially isolated populations based on multilocus patterns (CAO et al., 2006) . However, low quantity and high degradation of DNA from 'difficult' tissue such as wood (DE FILIPPIS and MAGEL, 1998; DUMOLIN-LAPÈGUE et al., 1999; DEGUILLOUX et al., 2002; RACH-MAYANTI et al., 2006) precludes the direct use of the technique (MCLENACHAN et al., 2000) . Furthermore, AFLP markers are too expensive and too laborious for single locus screenings (BRUGMANS et al., 2003) , the reproducibility of AFLP markers is lower than for single locus markers and homoplasy of equal-sized fragments cannot be excluded (SHAN et al., 1999; VEKEMANS et al., 2002) . Accordingly, the development of simple markers reliably differentiating taxonomic units at different levels is an important step towards the use of molecular tools in forensic science.
Timber identification of tree species and their origins is technically essential for monitoring and control of illegal activities in timber production and thus enforcement of species trade regulations (WINGATE and MCFARLANE, 2005) . Species identification by molecular tools is particularly important for closely related taxa which are difficult to differentiate by other methods. This applies in particular to a large number of tropical tree species and their timber. The development of molecular markers for species identification can be used to detect timber of protected taxa and, in case of endemic species, to broadly identify the region of origin of samples, which obviously originate from the distribution area of the identified species.
In Southeast Asian tropical lowland forests dipterocarp species dominate the forest canopy; Shorea is the largest genus of the family Dipterocarpaceae (ASHTON, 1982) . S. parvifolia Dyer and S. leprosula Miq. are the most dominant trees of mixed dipterocarp forests in Indonesia (ASHTON, 1982) . They are abundant on deep clay soils at elevations below 700 m asl (NEWMAN et al., 1996a (NEWMAN et al., , 1996b . The distribution ranges of the two species widely overlap; both species occur in Peninsular Thailand, Peninsular Malaysia, Sumatra and Borneo (PROSEA, 1994) . Like many other tree species of the family Dipterocarpaceae, both S. leprosula and S. parvifolia are large trees (up to 60 m high) and popular commercial timber species in Indonesia. The timber of S. leprosula and S. parvifolia is classified as light hardwood of the red meranti group (NEWMAN et al., 1996a (NEWMAN et al., , 1996b .
Five other Shorea species were included in the survey in order to allow comparisons at the species level. These species are less common than both S. leprosula and S. parvifolia and regarded as endangered (S. platyclados) or even critically endangered (all other species) according to IUCN criteria (http://www.iucnredlist.org/). Shorea acuminata is closely related to both S. leprosula and S. parvifolia since the three species belong to the same section Mutica of the genus (ASHTON, 1982 wood of S. acuminata is also classified as red meranti. The species is mainly found on well drained, undulating land. The wood of S. palembanica of section Brachypterae is also considered as light red meranti, but this species has specific habitat requirements along rivers or in freshwater swamps. S. platyclados, another species of section Brachypterae, belongs to the dark red meranti group. The species is endemic to Indonesia and occurs predominantly at higher altitudes above 700 m a.s.l. The wood of S. guiso (section Shorea) is classified as Balau; this lowland species is rare, but widely distributed in Southeast-Asia. S. ovalis of section Ovalis is the only polyploid species (ASHTON, 1982; INDRIOKO, 2005) included in this study.
Wood anatomical analyses can be performed to identify the Red Meranti group but not the exact species (PROSEA, 1994; MARTAWIJAYA et al., 2005) except if the identification is based on electron microscopy (ABE and FUJII, 2007) . Chemical fingerprinting tools based on gallic acid content have been developed but the application can be used only for the distinction of the Red Meranti group from other Meranti groups (KATO and HISHIYAMA, 2007) . Hardwood of the Red Meranti group is the source of world's most demanded plywood (PROSEA, 1994) . However, man-caused destruction of tropical rainforests has been increasing in the past half-century, and many primary forests have been degraded by illegal logging and shifting cultivation in Indonesia and elsewhere (SCOT-LAND and LUDWIG, 2002) .
The genetic diversity of S. leprosula and S. parvifolia in Indonesia has been investigated by CAO et al. (2006) . In total 268 samples from eight populations in Indonesia were analyzed using Amplified Fragment Length Polymorphism (AFLP) markers (VOS et al., 1995) . The study reported that S. leprosula is genetically more variable than S. parvifolia at the population and species level. Two out of 56 AFLP markers were found to show high levels, but no complete differentiation between species. These markers can be useful as diagnostic markers to verify the species and to identify potential interspecific hybrids (Ishiyama et al., 2008) in combination with chloroplast DNA markers.
The main objective of the present study is to convert AFLP fragments showing high differentiation among species into SCAR markers useful for species identification. Specifically, we aimed to develop SCAR markers differentiating the species Shorea leprosula and S. parvifolia. We tested the usefulness of the developed SCAR marker for species identification by comparing results to variation at PCR-RFLPs of a polymorphic chloroplast region (INDRIOKO, 2005; INDRIOKO et al., 2006) and to leaf morphological traits for a large number of S. leprosula and S. parvifolia plants.
Materials and Methods

Study site and plant material
Samples were obtained from 19 locations from three different islands in Indonesia ( Table 1) . S. leprosula samples were collected from 18 populations, those of S. parvifolia were collected from 10 populations. All populations on Java Island (Haurbentes, Darmaga, Carita) are plantations established between 1940 and 1986. The other populations in Sumatra and Borneo are natural forests. Plants were collected from natural stands in an area of 100-300 ha, keeping a minimum distance of 30 m from each other.
We also sampled the closely related species Shorea palembanica, S. guiso and S. platyclados from Haurbentes (Java). Samples of S. acuminata were collected from Berau (Borneo). Samples of S. ovalis were collected from Pasir Mayang (Sumatra) and Berau (Borneo).
Leaves of adult trees, saplings and seedlings were sampled. Species identification in the field was done on the basis of leaf morphological characters. The leaf samples were dried and preserved in silica gel for DNA isolation. Samples from three sites in Borneo (KB, WkB, MtB) were collected as seeds and identified according to the mother trees.
DNA extraction
Total genomic DNA was extracted from dried leaf material using the DNeasy ® 96 Plant Kit protocol of Qiagen (Hilden, Germany) following the instructions of the manufacturer. The quality of the DNA was checked on 1% agarose gels using Tris-acetate (1x TAE) as running buffer after staining with ethidium bromide.
Re-amplification and isolation of AFLP fragments
AFLP fingerprints were generated based on the protocol described by VOS et al. (1995) with minor modifications by CAO et al. (2006) . AFLP reactions were carried out with the primer pair EcoRI-ACA/MseI-GAA. The selective EcoRI primer was labelled with the fluorescent dye Cy-5. The amplified fragments were separated on 7 % polyacrylamide (PAA) gels. DNA was isolated from the gel and purified based on a protocol described by WEIBERG (2008) . The gel was then directly scanned on a Typhoon 8600 Fluorescence Imaging System to allow careful positioning of the bands. The targeted fragments were excised from the gel using a scalpel. Gel plugs were transferred to 400 µl elution buffer (0.2 M NaAc) and incubated for 10 min at room temperature, followed by 15 min at ~70°C. After incubation, the samples were centrifuged for 5 min at 8,000 rpm. The supernatants were transferred to a new tube, and 20 µl glycogen (10 mg/ml) and 420 µl isopropanol were added, followed by incubation for 1-2 h at -60°C and centrifugation for 10 min at 12,000 rpm. The pellets were washed with ethanol and re-diluted in 10 µl sterile water. Two µl of the cleaned AFLP fragment suspension were used for PCR.
To further characterize the excised fragments, a touch-down PCR using selective primers was carried out. Amplification was done in a 10 µl volume containing 5 ng cleaned AFLP-DNA, 1 x HotStar Taq ® master mix Kit (10 mM Tris-HCl (pH 9.0), 1.5 mM MgCl 2 , 50 mM KCl, 0.2 mM each of dNTPs, 0.5 U Taq DNA polymerase) (Qiagen) and 2.5 pmol of selective primers. The PCR profile was as follows: 1 cycle of 15 min at 95°C, 5 cycles of (1 min at 94°C, 1 min at 58°C (-1°C per cycle) , 1 min at 72°C), 30 cycles of (1 min at 94°C, 1 min at 54°C, 1 min at 72°C) and 10 min at 72°C.
The length of amplified products was analysed by capillary electrophoresis and compared with the original AFLP fingerprint. Fragments having the same length as the AFLP fingerprint were further characterized.
Cloning and sequencing of AFLP fragments
The fragments were re-amplified with the selective AFLP primers. Two microliter of the PCR products were analyzed on a 2 % agarose gel, the rest of the PCR product was purified using the Minielute PCR purification kit (Qiagen). When possible, the sequences were obtained through direct sequencing of double stranded templates derived from PCR. Cloning was performed when the amplification resulted in more than one fragment. The PCR product was cloned into the plasmid vector pBlue Script II SK. The ligated vector fragments were transformed into Escherichia coli XL1-Blue strain bacterial cells and plated onto LB agar medium. After proliferation, PCRs were performed with the white colonies using vector primers. The PCR products received from colony PCR were checked on agarose gels and purified using the Minielute PCR purification kit (Qiagen). The cleaned PCR products were used for the sequencing reaction based on the dideoxy-mediated chain termination method (SANGER et al., 1977) . Sequencing was done using the BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, Carlsbad, USA) and performed with the ABI Prism ® 3100 Genetic Analyser. Sequencing reactions in 10 µl total volume consisted of 1 x ready reaction premix (Big Dye vers. 3.1), 1 x sequencing buffer (SB 3.1), 0.35 pmol forward or reverse primer and 10 ng purified DNA. Sequences were analysed and edited using the computer programme Staden Package version 16.0 (STADEN, 1999; available at http://staden.sourceforge.net/). Sequence alignments were conducted in BioEdit version 7.0.9 (HALL, 1999; available at http://www.mbio.ncsu.edu/ BioEdit/BioEdit.html) using ClustalW multiple alignment (THOMPSON et al., 1994) . The homology of sequences with any other sequence in the GeneBank database was done by using FASTA searches in the EMBL database (COCHRANE et al., 2008 , available at http://www.ebi.ac.uk/embl/).
Primer design
The SCAR primers were designed from the AFLP sequences with the Primer3 software (ROZEN and SKALETSKY, 2000 ; available at http://frodo.wi.mit.edu/). The primers were tested firstly on a few samples of S. leprosula and S. parvifolia. Amplification of genomic DNA with the SCAR primers was done in a 10 µl volume containing 5 ng template DNA, 1 x HotStar Taq ® master mix Kit (Qiagen) and 2.5 pmol of each primer. The forward primer was labelled with the fluorescent dye 6-FAM (blue). The PCR profile was as follows: 1 cycle of 15 min at 95°C, 35 cycles of (1 min at 94°C, 45 sec at 56°C, 1 min at 72°C) and 10 min at 72°C. Amplification products were analysed by capillary electrophoresis on the ABI Prism 3100 ® Genetic Analyser (Applied Biosystems). GS 500 ROX (fluorescent dye ROX) was used as an internal size standard. Length variants were recognized with the software packages GeneScan 3.7 and Genotyper 3.7 (Applied Biosystems).
Chloroplast DNA analyses
PCR-RFLP analyses were conducted based on the protocol described by INDRIOKO (2005) . Amplification of genomic DNA with trnLF primers was done in a 10 µl volume containing 5 ng template DNA, 1x HotStar Taq ® master mix Kit (Qiagen) and 2.5 pmol of each primer. The PCR profile was as follows: 1 cycle of 15 min at 95°C, 40 cycles of (1 min at 94°C, 45 sec at 55°C , 90 sec at 72°C) and 10 min at 72°C. The primers trnLF are located in the intergenic spacer between trnL and trnF (LF) and amplify a fragment of about 1.1 kb (TABERLET et al., 1991) . The restriction of the amplified fragments was performed in a final volume of 7 µl using 2.5 µl of PCR products and 1 unit Hinf I restriction enzyme. Digestion products were resolved by electrophoresis on 2.5 % agarose gels.
The procedure for the amplification of the chloroplast microsatellite ccmp6 (WEISING and GARDNER, 1999) was performed based on the protocol described by INDRIOKO (2005) . Amplification of genomic DNA with ccmp6 primers was done in a 10 µl volume containing 5 ng template DNA, 1 x HotStar Taq ® master mix Kit (Qiagen) and 2.5 pmol of each primer. The PCR profile was as follows: 1 cycle of 15 min at 95°C, 35 cycles of (1 min at 94°C, 45 sec at 50°C, 45 sec at 72°C) and 10 min at 72°C. Genomic DNA was amplified using the fluorescence dyed forward primer 6-FAM for genotyping. Amplification products were run on the ABI Prism ® 3100 Genetic Analyser and analysed using Genescan 3.7 and Genotyper 3.7 softwares (Applied Biosystems).
Assessment of leaf morphological traits
The assessment of leaf morphological traits was carried out based on a protocol described by KREMER et al. (2002) for oaks with modifications to adjust the method to dipterocarps for a subset of the samples analyzed with molecular markers. All leaves were measured on the following characters: leaf length (LL), petiole length (PL), leaf width (LW), wide leaf to petiole (WP), dometiana length (DL), angle between mid-vein and veinlets (AV) and the number of veins (NV). Then three transformed variables were generated using the following formulas:
Lamina shape or obversity (OB): OB = 100 x WP/LL Petiole ratio (PR): PR = 100 x PL/(LL+PL) Lobe width ratio (LWR): LWR = 100 x LW/LL.
Based on these characters multivariate procedures were used for analyzing the data using the computer software SPSS version 12.0 for Windows.
Results and Discussion
Isolation and sequencing of the AFLP-465 and AFLP-467 fragments
Two AFLP fragments of a length of 465 bp and 467 bp showed strong differentiation between S. leprosula and S. parvifolia. Sequencing of these fragments revealed that the S. leprosula specific fragment (465 bp) and the S. parvifolia specific fragment (467 bp) show a high homology to each other and to a fragment of similar size occurring in both species (469 bp). Some SNPs (Single Nucleotide Polymorphisms) were found not only between AFLP-469 and AFLP-465 or AFLP-467 but also between fragments AFLP-465 and AFLP-467. The alignment of sequences of AFLP-465, AFLP-467 and AFLP-469 showed that the homology of these 3 fragments is more than 84 %, whereas the homology between AFLP-465 fragment and AFLP-467 fragment is 96 % (Figure 1) . Thus, the fragments AFLP-469 and AFLP-465 or AFLP-467 for S. leprosula and S. parvifolia, respectively, represent duplicated DNA regions. Similar duplications of AFLP markers have been reported in studies on other species (NEGI et al., 2000; MCLENACHAN et al., 2000) . Both the AFLP-465 and the AFLP-467 fragments show a deletion of 3 bp compared to the AFLP-469 fragment. A species-specific deletion of 3 bp was found in the AFLP-465 fragment at position 86-88 (Figure 1) in S. leprosula. FASTA3 (http://www.ebi.ac.uk/Tools/fasta33/nucleotide. html) searches of AFLP-465 sequences using the EMBL database (COCHRANE et al.. 2008 ) identified one close hit (E value 8.5e-08) to Dryobalanops aromatica (Dipterocarpaceae) DNA, microsatellite locus Dra428 (accession number AB271965), with 67.3% homology for a region of 171 bp (NANAMI et al., 2007) . No homology was found between AFLP-465 sequences with any cpDNA or mtDNA sequence of any species. The fragments AFLP-465 and AFLP-467 were thus predicted to be located in the nuclear genome.
The SCAR primers were designed on the basis of the sequence data obtained from the excised AFLP fragments (Figure 1) . The forward primer 5'-TAA-GAAGGGAGAACCCAAATTGCTG-3' was designed from the first nucleotide of genomic DNA. The reverse primer 5'-ACGTCTACA TGGCAGAACCAGTG-3' was designed around the indel site, where the last three nucleotides are completely different for the AFLP-469 fragment, in order to avoid the amplification of this fragment. The primers amplified only one region resulting in products of different length in each species. The SCAR primers were tested to amplify five different species (2-3 samples/species), mostly from the red meranti group. S. leprosula showed a specific length fragment using the SCAR marker, whereas S. palembanica, S. acuminata, S. guiso, S. ovalis and S. platyclados showed amplification products of the same length as S. parvifolia. Thus, this marker can be used to discriminate between S. leprosula on the one hand and S. parvifolia, S. palembanica, S. acuminata, S. guiso, S. ovalis and S. platyclados on the other hand. Other markers should be used to unambiguously identify those species, which cannot be distinguished with the SCAR marker. Suitable variation in different chloroplast regions is, for example, described in INDRIOKO (2005) . It should also be noted for forensic applications that most Shorea species of the red meranti group apart from the common S. leprosula and S. parvifolia, including those investigated in this study, are rare, often endangered and, accordingly, seldomly traded on international timber markets.
Even though the SCAR primer amplified a single band, some of the samples were sequenced since SCAR markers may amplify homologous regions from different chromosomes (SHAN et al., 1999) . Sequencing of the SCAR markers confirmed that the target region was amplified. Four SNPs (Single Nucleotide Polymorphisms) were found between sequences of S. parvifolia and S. leprosula. Nuroniah et. al.·Silvae Genetica (2010) 59-6, 249-257 
Chloroplast DNA markers
The following chloroplast markers were analyzed: (i) the chloroplast microsatellite ccmp6 and (ii) PCR-RFLP of the trnLF region with Hinf I. INDRIOKO (2005) found no variation in S. leprosula using ccmp6 and a specific restriction pattern of PCR-RFLP trnLF-Hinf I for S. leprosula (Figure 1, pattern no 1 ). This pattern resulted since S. leprosula has a Hinf I restriction site in the trnLF sequence which is missing in S. parvifolia (GAMAGE et al., 2006) . INDRIOKO (2005) found variation in ccmp6 for S. parvifolia (2 haplotypes with one base pair difference) and a common pattern of PCR-RFLP trnLF-Hinf I for all Shorea sp. investigated except S. leprosula (cf. Fig. 2) .
Comparison between chloroplast DNA and SCAR markers
A total of 557 samples were screened at nuclear DNA and cpDNA in S. parvifolia and S. leprosula. When the nuclear SCAR marker was compared with the PCR-RFLP pattern, identical results were obtained. Based on the amplification of the SCAR marker and the restriction pattern of trnLF-Hinf I 294 samples were grouped as S. leprosula and the other 263 as S. parvifolia. The complete congruence of the PCR-RFLP and the SCAR markers allowed reliable species identification resulting in a complete differentiation between species.
There is a strong, but not complete differentiation between S. leprosula and S. parvifolia at ccmp6 in species that are identified based on the other investigated markers. Most trees (290 samples) identified as S. leprosula showed a fragment length of 97 pb at ccmp6, but four samples produced a fragment of 98 bp. The majoritiy of trees (222 samples) identified as S. parvifolia had the fragment 98 bp, but 41 samples (36 from the population SB) had the shorter fragment of 97 bp. In this population, the majority of the S. parvifolia samples (71%) exhibited the otherwise rare fragment size. The most likely reason for these results is homoplasy at the chloroplast microsatellite region. The finding points towards the importance of large and wide screening of numerous samples to reliably identify robust species-specific markers in closely related taxonomic groups. 
Leaf morphological assessment
Ten variables were used to analyse leaves from 212 trees by principal component analysis (PCA). The species was defined by (i) morphological assessment in the field and (ii) SCAR and PCR-RFLP analyses. These ten leaf characters were then analyzed using PCA. According to the results of the PCA, there are three components with eigenvalues higher than 1, explaining 78.73 % of the total variation. The first component is mainly influenced by traits expressing the size of the leaf; the second component is mainly influenced by petiole ratio and the third one is more connected to the shape of the leaf.
The results of PCA on the first two variables showed that S. parvifolia and S. leprosula can be differentiated into two major partially overlapping clusters (Figure 3) . However, a number of samples which were identified as S. leprosula in the field fall in the S. parvifolia cluster (Figure 3, left) . Many of these samples were identified as S. parvifolia based on SCAR and PCR-RFLP trnLFHinf I markers. If these samples are regarded as S. parvifolia, the taxa are better differentiated, although few samples with contrasting results according to leaf morphological and genetic analyses were observed (Figure 3, right) .
Proper species identification using morphology should not only take into consideration leaf characters but also other characters including flower traits and seed morphology, which can only rarely be observed in adult tropical trees and not at all in young plants. Since most discrepancies between field assignment and genetic identification were observed for seedlings and saplings (data not shown), we conclude that species identification in the field is unreliable for these young plants. It is quite likely that phenotypic identification of seedlings/ saplings in the field is inaccurate either due to microenvironmental differences commonly observed in the field or differences in plant growth and development. The combination of two independent molecular markers is a robust tool to distinguish between species in young plants, where morphological distinction between the species S. leprosula and S. parvifolia is difficult.
Hybridization among Shorea species has been reported in previous studies (ASHTON, 1982; HARADA et al., 1994; ISHIYAMA et al., 2003; ISHIYAMA et al., 2008) . Based on sequences of the nuclear GapC and PgiC genes ISHIYAMA et al. (2003 ISHIYAMA et al. ( , 2008 found similar or identical haplotypes and proposed the occurence of inter-specific hybridization between four Shorea species: S. acuminata, S. curtisii, S. leprosula and S. parvifolia. In contrary, CAO et al. (2006) found strong frequency differences in AFLP bands between species and a clear separation of S. leprosula and S. parvifolia based on the AFLP markers. In this study, we found complete congruence between a putative nuclear DNA (the SCAR marker) and chloroplast DNA (PCR-RFLP of trnLF-Hinf I), allowing unambiguous species identification. Thus, this study does not support the occurrence of inter-specific hybridization between the two species.
Correlation between AFLP markers and SCAR markers
AFLP and SCAR markers show incongruence in 9 out of investigated 250 samples. In AFLP fingerprints, AFLP-465/467 fragments were not present in four samples; five samples had both fragments. Differences between AFLP profiles were due mainly to disparities in peak fluorescence intensities and a slight shift between two peaks (size homoplasy). Peak appearance or disappearance in AFLP fingerprints were observed especially for peaks with weak intensity (allelic drop-out). Allelic drop-out, i.e. failure to amplify an allele during PCR, may be associated with the insufficient quantity or low quality of the DNA template (TABERLET et al., 1996) , but is also observed if high quality DNA is used (SOULSBURY et al., 2007) . Recent studies showed that allelic drop out is typical for alleles with a longer product size (BONIN et al., 2004) , as it is the case for AFLP-465 bp and AFLP 467 bp. The presence of both fragments (AFLP-465 and AFLP-467) can be caused by homoplasy, i.e. the occurrence of non-homologous fragments of the same size (SHAN et al., 1999; VEKEMANS et al., 2002) .
All the samples that have been genotyped at AFLPs by CAO et al. (2006) were tested again with the SCAR marker. For all samples that had the AFLP-465 fragment present in the AFLP fingerprint transformation resulted in the SCAR marker of 179 bp length (Figure  4) . For all samples with the presence of AFLP-467 the corresponding SCAR allele had a length of 182 bp. In nine cases, where the differentiation between the two species was not possible with the AFLP marker since either none or both fragments (AFLP-465 and AFLP-467) were observed, the SCAR marker showed the allele 179 bp and identified the same species as PCR-RFLP of cpDNA (S. leprosula). Using AFLP-465 or AFLP-467 fragments as diagnostic markers can cause errors and ambiguous results. Due to the high specificity of the SCAR marker as a single locus marker such kind of genotyping errors are not expected.
The development of markers commonly starts with sequence analysis of the candidate DNA region. For many closely related plant species, chloroplast markers were chosen to differentiate between species, for example within the genera Acer (TABERLET et al., 1991) and Abies (ZIEGENHAGEN et al., 2005) . In the present study markers were developed from anonymous DNA (AFLP) and combined with the chloroplast marker to discriminate between two closely related species. SCAR markers are generally used for different identification purposes in sample sizes of less than 100 (BRADEEN and SIMON, 1998; NEGI et al., 2000; SANTOS and SIMON, 2002; HUARACHA et al., 2004) . More often, markers for species identification are tested in only a few samples per species (BEISMANN et al., 1997; ISHIYAMA et al., 2003; KRESS et al., 2005; ZIEGENHAGEN et al., 2005) . Testing in large samples is difficult to carry out because the most frequently used molecular technique to differentiate among species is sequencing, i.e based on sequence differences in target regions. Furthermore, material from widely separated regions as in our study is rarely available.
Preliminary tests indicated the feasibility to use the SCAR marker for species identification purposes with DNA extracted from dry dipterocarp wood. Accordingly, the method allows forensic applications and a reliable identification of the species as a first step towards the identification of the origin of timber. We used a similar approach to develop a SCAR marker distinguishing geographic regions within the natural distribution of S. leprosula (NURONIAH, 2009; FINKELDEY et al., 2010; NURO NIAH et al., in prep.) , Our results prove that the conversion of AFLPs to SCAR markers allows the development of robust markers for identification purposes at different taxonomic levels. These tools can subsequently be used in a forensic context. However, SCAR marker development based on the described technology is laborious and time consuming. Recently developed high-throughput sequencing technologies will allow to screen a multitude of genomic regions with limited costs and effort enabling a faster progress towards the identification of informative markers for forensic applications.
